ABSTRACT: Though vacuum suction pads are able to fasten items of working equipment such as gondolas easily and without causing damage to a building's outer wall, their necessary suction force should be designed by considering various conditions such as wind force, the loads of each item of working equipment, and suction capacity. Suction force is changed by the internal vacuum pressure of pads, and the materials and shapes of an outer wall's surface have a considerable influence on vacuum pressure.
INTRODUCTION
The outer walls of high-rise buildings are made of various materials such as steel, red block, marble, glass, and so forth, and their surfaces can contain many grooves of irregular shapes and sizes. Table 1 presents the diverse materials used in the outer walls of buildings, as reported in previous studies [1] . The outer walls of high-rise buildings require regular maintenance including cleaning and painting. Gondola systems are used to carry on platforms the workers who conduct maintenance work on the outer walls of high-rise buildings. However, for super-high-rise buildings, i.e., higher than 30 stories, it is very difficult to perform such work on their outer walls using a gondola due to external disturbances including squalls. To perform this kind of work on outer walls using gondolas, considerable attachment force (to the wall) is required, taking into consideration the external loads and work loads, so vacuum pads are used to apply the force. [2] . Kun Chan S., et al. designed a suction unit for a robot system which can climb up irregular vertical surfaces [3] . Siyoul J conducted a study on the design of a vacuum suction pad which can provide a uniform contact shape in large-scale imprinting [4] .
However, robots traveling on vertical walls have limitations in terms of the shape of the walls and their adhesive force [5] [6] [7] . Therefore, the vacuum suction ability with the various wall shapes should be evaluated and applied in the outer wall work system.
In this paper, a testing apparatus is developed to test the maximum adhesive forces of suction pads on various vertical wall surfaces according to pressure change. In addition, the vacuum pressure according to the change of pressure was measured for comparison with the adhesive forces required for safe working on various walls. were collected using LabVIEW. Table 2 presents the specifications of the sub-components of the test equipment. 
TEST EQUIPMENT

TEST EQUPMENT SPECIFICATIONS
CONFIGURATION OF VERTICAL WALLS
To simulate the various wall configurations of high-rise buildings, four types of wall samples -including Flat, Step, Rib, and Embossing -were prepared. To conduct the tests under the same conditions as those to which the outer walls of a general high-rise building are subject, the wall samples were fabricated with concrete in the said configurations.
FEATURES OF SUCTION PAD
The suction pad used in this study was based on the ejector principle, whereby the air inside the pad is removed by the ejection of compressed air. Ejectors are used to suck up and discharge, transfer or mix gases, liquids or powders. 
TEST RESULTS
The pad was attached to the wall's surface and pulled perpendicularly using the cylinder, and the maximum attachment forces of the vacuum suction pad were measured according to surface shapes. Fig. 4 shows the maximum attachment forces according to the shapes of the walls and compressed air pressure. Tables 4~7 present the vacuum pressure and maximum attachment forces of the pad according to air pressure. Table 7 . Test results of embossing-type sample 
CONCLUSIONS
In this study, testing equipment was fabricated to test and measure the attachment performance of a vacuum suction pad on various configurations of wall surface, i.e., flat, step, rib, and embossing types, formed with concrete material. Since the suction pad was based on the ejector principle, the higher the air pressure, the higher the vacuum pressure.
The test results showed that, while the attachment force on the flat-type wall was 86.9 N or above, that on the other types of wall were 0.2 N or less, showing that the performance of the suction pad decreases greatly on irregular wall surfaces. On the step, rib, and embossing types of surfaces, the vacuum pressure in the pad did not increase while the air pressure was being increased, but
showed irregular values within a certain range. The attachment performance became increasingly inferior in the flat, step, rib, and embossing types of wall configuration in that order.
The test results show that the performance of the suction pad depends more on the configuration of a wall's surface than on the attachment force generated by air pressure. As such, it could be concluded that the performance of the vacuum suction pad is reliable on flat surfaces, but not on stepped, ribbed or embossed surfaces due to the loss of vacuum pressure via their irregular grooves.
The results obtained in this study are expected to be applicable to the design of the suction pads used in wallclimbing robots or wall-work systems including gondolas.
